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(54) Switching device 

(57) The present invention relates to a switching de- 
vice (14) which is arranged to switch a load (12) to a 
direct voltage circuit (13), The switching device (14) 
comprises a switching member (14a) consisting of at 
least three contacts (7,8,9), a control member (10) 
which controls the contacts (7,8,9) of the switching 
member (1 4a) and has the positions open [0] and closed 
[1], and one or more spring members (16a, 16b) which 
are tensioned by the control member (10) and control 
the contacts. The switching device is characterized in 
that the switching member (1 4a) of the switching device 
(14) comprises a limiter arrangement which is arranged 
to limit closing of at least one contact (7) when the con- 
trol member (1 0) is turned from the open [0] position into 
the closed [1 ] position, the limiter arrangement compris- 
ing a limiter (1 ) and a toggle joint (1 7) connected thereto 
and a solenoid (4) arranged in the toggle joint, the toggle 
joint (17) being arranged to be controlled by the solenoid 
(4), as a result of which the toggle joint (17) turns the 
limiter (1 ) so that it releases the contact (7) of the switch- 
ing member (14a) whose closing has been prevented, 
allowing the contact to close. 
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Description 

FIELD OF THE INVENTION 

[0001] The invention relates to a switching device 
which is arranged to switch a load to direct voltage. The 
switching device of the invention is used in applications 
where a high capacitive load is switched to direct volt- 
age, in which case the charging current of the capacitive 
load needs to be limited. 

BACKGROUND OF THE INVENTION 

[0002] A system which has a high capacitive load and 
is connected to a direct current circuit has to be protect- 
ed during voltage switch-on. If the capacitors of the sys- 
tem are not charged, sudden switch-on of direct voltage 
generates a surge current, which may damage system 
components switched behind the switch. Usually the 
system is protected by using a three-position and three- 
pole switching device which supplies the charging cur- 
rent of the capacitive load through a charging resistor to 
the load during charging. The charging resistor limits the 
charging current and prevents problems that sudden 
charging may cause in the system. After charging the 
charging resistor is bypassed by switching the load di- 
rectly to direct voltage. An example of a device with a 
high capacitive load is a frequency converter/converters 
which is/are switched to a direct voltage supply circuit. 
[0003] One prior artsolution is shown in Figure 7. This 
solution employs a manual three-position switching de- 
vice for switching a high capacitive load to direct voltage. 
The switching device comprises a three-position control 
member which is controlled by turning the handle at- 
tached to the control shaft of the control device. During 
charging the current is supplied to charging resistors via 
an array of auxiliary contacts. The positions of both the 
switching device and the control member are Open [0], 
Charging [C] and Closed [1 ]. Turning of the control mem- 
ber and the switch from the switching position into the 
closed position is prevented by a limiter, such as a mag- 
netic switch. The control member and the switch cannot 
be turned into the closed position until the limiter allows 
this. The operation of the limiter is controlled by a sep- 
arate control signal, which is dependent on the charging 
state of the capacitive load. 

[0004] A problem related to the prior art switching de- 
vice is that the control device of the switching device has 
three positions and an array of auxiliary contacts. This 
means that controlling of the switching device includes 
a phase which is unnecessary for switching, i.e. charg- 
ing phase, which requires that the person performing 
switching manually keeps the switching device in the 
charging [C] position until the limiter allows turning of 
the switch into the closed [1] position. This makes 
switching more difficult and involves the risk of misuse 
of the switching device if the person performing switch- 
ing is unfamiliar with the special functions of the switch- 



ing device. Secondly, the array of auxiliary contacts 
comprises a large number of moving mechanical parts 
which are easily damaged. 

s BRIEF DESCRIPTION OF THE INVENTION 

[0005] The object of the present invention is to elimi- 
nate disadvantages of the prior art by providing an im- 
proved switching device where the operation of the 

10 switching member corresponds to that of a three-posi- 
tion switching device but whose structure provides a 
two-position control device with only the positions open 
[0] and closed [1 ]. In that case the use of the switching 
device in switching is considerably more natural to 

'5 switch of this kind as well as more reliable and safer. 
[0006] This is achieved by a switching device which 
is characterized by what is disclosed in the claims. 
[0007] The switching device is arranged to switch a 
load to a direct voltage circuit. It comprises a switching 

20 member consisting of at least three contacts, a control 
member which controls the contacts of the switching 
member and has the positions open [0] and closed [1], 
one or more spring members which control the contacts 
and are tensioned by the control member, and the 

25 switching device is characterized in that the switching 
member of the switching device comprises a limiter ar- 
rangement which is arranged to limit the closing of at 
least one contract when the control member is turned 
from the open [0] position into the closed [1] position, 

30 the limiter arrangement comprising a limiter, a toggle 
joint connected thereto and a solenoid arranged in the 
toggle joint, which is arranged to be controlled by the 
solenoid, as a result of which the toggle joint turns the 
limiter so that it releases the contact of the switching 

35 member whose closing has been prevented, allowing 
the contact to close. 

[0008] The preferred embodiments of the invention 

are disclosed in the dependent claims. 

[0009] For charging a capacitive load, the switching 

40 device is provided with a limiter arrangement, i.e. a 
mechanism which limits the movement of the third con- 
tact of the switching device when the control device is 
turned from the open [0] position into the closed [1] po- 
sition and prevents the third contact of the switching 

45 member from closing when the control device is turned. 
The mechanism leaves the contact open to wait for re- 
lease in an excited state generated by spring force. The 
contact is released after a certain charging state of the 
capacitive load has been reached. 

so [0010] The mechanism consists of a limiter, which is 
preferably a lever arm, and of a toggle joint attached 
thereto. The first end of the lever arm is connected to 
the toggle joint and the second end is connected to the 
control member of the third contact in the switching de- 

55 vice. The toggle joint comprises a fold where an electri- 
cally-controlled solenoid is arranged. The solenoid gen- 
erates a pulse in the fold of the toggle joint so that the 
toggle joint can be folded and the spring tension re- 
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leased, which allows the third contact to close. 
[0011] In an embodiment the joint at the first end of 
the limiter, where the limiter is connected to the shaft of 
the control device, comprises a clearance. The clear- 
ance allows the shaft to rotate by a certain angle without 
moving the limiter. This way the spring member of the 
switching device is tensioned for release but turning of 
the shaft does not influence the position of the limiter. 
The clearance is preferably implemented as follows: the 
first end of the limiter, where the limiter is connected to 
the shaft of the control device, is provided with an open- 
ing through which the shaft is guided. The opening is 
shaped to allow rotation of the shaft by a certain angle 
without moving the limiter, as a result of which the spring 
member of the switching device is tensioned for release 
without the turning of the shaft affecting the position of 
the limiter. 

[0012] In another embodiment all contacts of the 
switching device are controlled by a common shaft. In 
that case the necessary clearance can be implemented 
by controlling the first and the second contact with a 
common shaft. At the third contact the shaft comprises 
a connecting sleeve for implementing the clearance. 
[0013] A sensor, such as a voltage sensor, is arranged 
to sense the charging state of the capacitive load and 
to control the solenoid. 

[0014] The switching device of the invention thus has 
three operating positions, i.e. open [0], charging [C] and 
closed [1], whereas Ihe control member of the switching 
device preferably has only two positions, i.e. open [0] 
and closed [1], This makes IheswiLching device simple 
and safe to use since the control member of the switch- 
ing device needs to be turned only between the open 
[0] position and the closed [1 ] position thanks to the fact 
that the mechanism of the invention provides the switch- 
ing device with automatic operation for controlling the 
operation of the switching device between the positions 
charging [C] and closed [1], 

[0015] A further advantage of the solution is that no 
auxiliary contacts are needed in the switching device im- 
plemented according to the invention , and consequently 
the structure of the device is simpler and more reliable. 

BRIEF DESCRIPTION OF THE FIGURES 

[0016] In the following, the invention will be described 
in greater detail by means of the accompanying draw- 
ings, in which 

Figure 1 is a wiring diagram of the frequency con- 
verter output, showing a switching device according 
to the invention, 

Figure 2 schematically illustrates the limiter mech- 
anism of the third contact in the switching device 1 
according to Figure 1 when the switch is in the open 
position, 

Figure 3 schematically illustrates the limiter mech- 
anism of the third contact in the switching device 1 



according to Figure 1 when the switch is in the 
charging position, and 

Figure 4 schematically illustrates the limiter mech- 
anism of the third contact in the switching device 1 
s according to Figure 1 when the switch is in the 
closed position, 

Figure 5 illustrates the structure of the sleeve for 
providing the shaft controlling the contacts of the 
switching device with a necessary clearance for lim- 

10 iting closing of the third contact, 

Figure 6 schematically illustrates an embodiment 
for providing the clearance between the limiter of 
the limiter mechanism and the control member in 
the third contact of the switching device according 

is to Figure 2, and 

Figure 7 illustrates a prior art switching device which 
comprises a three-phase control device and a 
charging circuit. 

20 DETAILED DESCRIPTION OF THE INVENTION 

[0017] An example of the structure and function of a 
preferred embodiment of the typical switching device 
according to the invention will be described with refer- 

2s ence to Figures 1 to 6. 

[0018] Accordingto Figure 1 , the switching device 14 
comprises a switching member 14a, which consists of 
contacts 7, 8, 9, which are closed and opened by turning 
the handle 6 of the control member 1 0 of the switching 

30 device 14. The switching device 14 is arranged between 
a direct current circuit 13 and a load 12. The load 12 is 
e.g. a frequency converter which drives an electric mo- 
tor. The switching device 14 is thus arranged to switch 
the load 1 2 to the direct voltage 1 3. 

35 [0019] The switching device 14 includes a switching 
member 1 4a consisting of three closable contacts 7, 8, 
9. Naturally the number of the contacts can be larger 
than three if the application requires more contacts. The 
first contact 8 is arranged to connect the negative pole 

40 13c of the direct voltage circuit 1 3 to the load. The sec- 
ond contact 9 is arranged to connect the positive pole 
13b of the direct voltage circuit 13 to the load 12 via a 
charging resistor 11 connected in parallel with the con- 
tact 9. The third contact 7 is arranged to connect the 

45 positive pole 13a of the direct voltage circuit 13 to the 
load 12 after a delay. 

[0020] The contacts 7,8,9 of the switching member 
14a are controlled by a control member 10, which com- 
prises a control shaft 10a whose one end is provided 

so withahandle6. Depending on the embodiment, thecon- 
trol shaft 1 0a may comprise one or more shafts and me- 
chanical components for providing the shaft with clear- 
ances needed in this type of embodiments. Closing and 
opening of the contacts 7,8,9 of the switching member 

55 1 4a is controlled by spring members 1 6a and 1 6b, which 
are tensioned when the control member 1 0 is turned ei- 
ther into the open position or into the closed position, 
and the spring members 16a, 16b are arranged to be 
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released as the handle 6 of the control member 10 
reaches either the closed or the open position of the 
switch, thus causing sudden closing or opening of the 
contacts 7,8,9 of the switching member 14a. In that case 
the control shaft 10a is connected to the spring mem- 
bers 1 6a ; 1 6b e.g. via a cam 20 and turning of the shaft 
10a presses the spring of the spring member 16a, 16b 
together if it is a coil spring and thus the spring 1 6a, 1 6b 
is tensioned. When the cam 20 revolves past its dead 
centre, the spring 1 6a, 1 6b is released and it closes or 
opens the contact. 

[0021] The switching device 14 has three operating 
phases, including the following positions: open [0], 
charging [C] and close [1]. The control member 10 of 
the switching device 14, on the other hand, has two op- 
erating phases, including the positions open [0] and 
closed [1 ]. Thus a two-phase control member 1 0 is used 
for controlling a three-phase switching device 14. For 
this purpose the switching device 14 is, according to Fig- 
ures 2 to 4, provided with a mechanism which limits clos- 
ing of the third contact 7 of the switching member 14a 
when the control member 1 0 is turned from the open [0] 
position into the closed [1] position and prevents closing 
of the contact 7 due to turning of the control member 10. 
The mechanism leaves the contact 7 open to wait for 
external release in an excited state. 
[0022] According to an embodiment, the mechanism 
consists of a limiter 1 , which is preferably a lever arm 1 , 
and of a toggle joint 17 connected thereto. The first end 
of Ihe limiter 1 is connected to Lhe shaft 1 0a of the control 
member 10 and the second end to the first end of the 
first lever arm 2 of the toggle joint 1 7. The second end 
of the first lever arm 2 of the toggle joint 17 is connected 
to the first end of the second lever arm 3, in which case 
a fold 15 is formed in the toggle joint 17 at this point. 
The second end of the second lever arm 3 of the toggle 
joint 17 is attached to a fixed supporting point 18 by 
means of bearings. An electrically controlled solenoid 4 
is arranged in the fold 1 5 of the toggle joint 1 7, the so- 
lenoid being arranged to generate an impulse, such as 
a strike, in the fold 1 5 of the toggle joint 1 7. 
[0023] According to Figure 6, the operation of the lim- 
iter 1 is based on the fact that the joint at the first end of 
the limiter 1 for connecting the limiter 1 to the shaft 1 0a 
of the control member 10 comprises a clearance. This 
clearance is implemented e.g. by providing the first end 
of the limiter 1 , where the limiter 1 is connected to the 
shaft 10a of the control member 10, with an opening 1 0b 
through which the shaft 1 0a is guided. The opening 1 0b 
is shaped to allow the shaft 1 0a to rotate by a certain 
angle to tension the spring member 16b without the turn- 
ing of the shaft 10a moving the limiter 1. One way of 
implementing clearance of this kind is to use a shaft 1 0a 
with a quadrangular cross-section and a cross-shaped 
opening 10b with rounded edges in the limiter 1 as 
shown in Figure 4. In that case the shaft 10a is connect- 
ed to the spring member 1 6b by a cam 20, for example, 
and turning of the shaft 1 0a presses the spring member 
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1 6b together if the spring member is a coil spring, thus 
tensioning the spring 1 6b. At the third contact 7 the lim- 
iter 1 , however, limits the movement of the cam 20 to a 
point where the cam has revolved slightly past its upper 

s dead centre, in which case the spring member 1 6b can- 
not release the contact 7 into the closed position. It is 
not until the solenoid 4 arranged in the fold 15 of the 
toggle joint 17 generates a release impulse in the fold 
1 5 of the toggle joint 1 7 that the toggle joint 1 7 folds and 

10 the spring 1 6b is released, thus closing the contact 7. 
[0024] In another embodiment all contacts 7,8,9 of the 
switching device are controlled by a common shaft 1 0a. 
In that case the necessary clearance can be implement- 
ed by controlling the first contact 8 and the second con- 
's tact 9 by a common shaft and by providing the shaft 1 0a 
at the third contact 7 with a connecting sleeve 19 of Fig- 
ure 5 for providing the clearance. The shaft 1 0a from the 
first and the second contact to the first end of the sleeve 
19 is e.g. quadrangular and the sleeve 19 is provided 

20 with a quadrangular receiving member for receiving the 
shaft end, the shape of the member corresponding to 
that of the shaft 10a. Correspondingly, the second end 
of the sleeve 1 9 is provided with a cross-shaped receiv- 
ing member 10b with rounded edges for receiving the 

25 quadrangular shaft 10a. which controls the third contact. 
This clearance implemented by the sleeve 1 9 allows the 
shaft 10a to rotate by a certain angle to tension the 
spring member 1 6b without the turning of the shaft 1 0a 
moving the limiter 1 . Otherwise the embodiment func- 

30 tions in the same way as the one described above. 
[0025] The switching device 1 4 functions as follows: 
In the initial situation the handle 6 of the control member 
10 of the switching device 14 is in the open [0] position 
according to Figure 2. All contacts 7,8,9 of the switching 

35 member 1 4a are open. When the control member 1 0 of 
the switching device 1 4 is turned into the closed [1 ] po- 
sition according to Figure 3, the first contact 8 and the 
second contact 9 of the switching member 1 4a close si- 
multaneously. The first contact 8 connects the load 12 

40 to the negative pole 13b of the direct voltage circuit 13. 
A resistor 11 is connected in parallel with the second 
contact 9 to restrict the current in the circuit. The second 
contact 9 connects the load 12 to the positive pole 13c 
of the direct voltage circuit 1 3 through the resistor 1 1 . At 

45 the third contact 7 turning of the shaft 1 0a into the closed 
[1 ] position tensions the spring member 1 6b. The limiter 
1 , however limits release of the third contact 7 into the 
closed position. The device that constitutes the load 12 
comprises a sensor 5, such as a voltage sensor, which 

so senses the voltage of the load 1 2 capacitance and thus 
the charging state. When the charging state reaches a 
predetermined level, the sensor 5 gives a switching sig- 
nal to the solenoid 4 e.g. by closing the contact 5, which 
switches voltage to the solenoid 4 and thus the solenoid 

55 4 generates an impulse in the fold 15 of the toggle joint 
17 and releases the spring 16b. In that case the toggle 
joint 1 7 folds as shown in Figure 4, releasing the limiter 
1 that limits the closing of the third contact 7 of the 
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switching member 1 4a. Consequently, the third contact 
7 closes and switches the positive pole 1 3a of the direct 
voltage circuit 13 to the load 12 of the second current 
path in parallel with the current path that comprises the 
charging resistor 11. In the final situation all three con- 
tacts 7,8,9 are thus closed. 

[0026] The load 1 2 is switched off from the direct volt- 
age circuit as follows: In the initial situation the handle 

6 of the control member 1 0 in the switching device 1 4 is 
closed [1]. All contacts 7,8,9 of the switching member 
1 4a are closed. The control member 1 0 of the switching 
device 14 is turned into the open [0] position. The con- 
tacts 7,8,9 of the switching member 14a open simulta- 
neously and switch off the load 1 2 from the direct voltage 
circuit 13. 

[0027] If the handle 6 of the control member 1 0 in the 
switching device 1 4 is turned from the closed [1 ] position 
back into the open [0] position before the third contact 

7 of the switching member 14a has closed, the spring 
member 1 6b at the third contact 7 of the switching mem- 
ber is released without releasing the contact 7 and the 
contacts 8,9 of the switching member 14a open simul- 
taneously and disconnect the load 12 from the direct 
voltage circuit 13. 

[0028] It is to be understood that the above descrip- 
tion and the related drawings are only intended to illus- 
trate the invention, Thus the invention is not limited only 
to the above description orto the embodiment disclosed 
in the claims, but it is obvious to a person skilled In the 
art that the invention can be varied and modified in sev- 
eral ways within Ihe invenlive concepl defined in the ap- 
pended claims. 



A switching device (14) which is arranged to switch 
a load (12) to a direct voltage circuit (13), compris- 
ing: 

a switching member (1 4a) consisting of at least 
three contacts (7,8,9), 

a control member (1 0) which controls the con- 
tacts (7,8,9) of the switching member (1 4a) and 
has the positions open [0] and closed [1], 
one or more spring members (1 6a, 1 6b) which 
are tensioned by the control member (1 0) and 
control the contacts, 



in that 

the switching member (14a) of the switching 
device (14) comprises a limiter arrangement 
which is arranged to limit closing of at least one 
contact (7) when the control member (10) is 
turned from the open [0] position into the closed 
[1] position, 

the limiter arrangement comprising a limiter (1 ) 
and a toggle joint (1 7) connected thereto and a 
solenoid (4) arranged in the toggle joint, 



the toggle joint (17) being arranged to be con- 
trolled by the solenoid (4), as a result of which 
the toggle joint (17) turns the limiter (1 ) so that 
it releases the contact (7) of the switching mem- 
ber (14a) whose closing has been prevented, 
allowing the contact to close. 

2. A switching device according to claim 1 , character- 
ized in that the first contact (8) of the switcning 
member (14a) is arranged to connect the negative 
pole (13b) of the direct voltage circuit (13) to the 
load (12), the second contact (9) being arranged to 
connect the positive pole (1 3c) of the direct voltage 
circuit (13) to the load via a resistor (11) connected 
in parallel with the contact (9), and the third contact 
(7) being arranged to connect the positive pole 
(1 3a) of the direct voltage circuit (1 3) to the load (1 2) 
after a delay. 

3. A switching device according to claim 1 or 2, char- 
acterized in that the first end of the limiter (1) is 
connected to the shaft (1 0a) of the control member 
(10) and the second end of the limiter (1) is connect- 
ed to the first end of the first lever arm (2) of the 
toggle joint (1 7) and the second end of the first lever 
arm (2) is connected to the first end of the second 
lever arm (3), whereby a fold (15) of the toggle joint 
(17) forms at the joint, and the second end of the 
second lever arm (3) of the toggle joint (17) is at- 
tached to a fixed supporting point (18) with bear- 
ings. 

4. A switching device according to claim 3, character- 
ized in that the joint of the first end of the limiter 
(1), where the limiter (1) is connected to the shaft 
(10a) of the control member, comprises a clear- 
ance. 

5. A switching device according to claim 4, character- 
ized in that at the first end of the limiter (1 ), where 
the limiter (1) is connected to the shaft (10a) of the 
control member (10), there is an opening (10b) 
through which the shaft (1 0a) is guided, the opening 
(10b) being shaped to allow rotation of the shaft 
(1 0a) by a certain angle to tension the spring mem- 
ber (16) without turning the limiter (1) of the shaft 
(10a). 

6. A switching device according to 3, 4 or 5, charac- 
terized in that an electrically-controlled solenoid 
(4) is arranged in thefold (15) of the toggle joint (1 7), 
the solenoid being arranged to generate an impulse 
in thefold (15) of the toggle joint (17), as a result of 
which the toggle joint folds and releases the limiter 
(1) so that it can turn and release the spring member 
(16), thus closing the third contact (7). 

7. A switching device according to claim 6, character- 
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ized in that a sensor (5) is arranged to sense the 
charging state of the load (12) and control the sole- 
noid (4). 

8. A switching device according to any one of the pre- s 
ceding claims, characterized in that the limiter (1 ) 

is a lever arm. 

9. A switching device according to any one of the pre- 
ceding claims, characterized in that the switching io 
device (1 4) has three operating positions: open [0], 
charging [C] and closed [1]. 

10. A switching device according to any one of the pre- 
ceding claims, characterized in that the control '5 
member (10) of the switching device (14) has two 
positions: open [0] and closed [1], 
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